Several mouse models of multiple sclerosis (MS) are now available. We have established a mouse model, in which ocular infection with a recombinant HSV-1 that expresses murine interleukin (IL)-2 constitutively (HSV-IL-2) causes central nervous system demyelination in different strains of mice. This model differs from most other models, in which it represents a mixture of viral and immune triggers. In the present study, we directly compared MOG models of experimental autoimmune encephalitis with our HSV-IL-2-induced MS model. Mice with HSV-IL-2-and myelin oligodendrocyte glycoprotein (MOG)-induced demyelinating diseases demonstrated a similar pattern and distribution of demyelination in their brain, spinal cord (SC) and optic nerves (ONs). In contrast, no demyelination was detected in the ONs of myelin basic protein (MBP)-and proteolipid protein (PLP)-injected mice. Interferon-β (IFN-β) injections significantly reduced demyelination in brains of all groups, in the SCs of the MOG and MBP groups, and completely blocked it in the SCs of the PLP and HSV-IL-2 groups as well as in ONs of MOG and HSV-IL-2 groups. In contrast to IFN-β treatment, IL-12p70 protected the HSV-IL-2 group from demyelination, whereas IL-4 was not effective at all in preventing demyelination. MOG-injected mice showed clinical signs of paralysis and disease-related mortality, whereas mice in the other treatment groups did not. Collectively, the results indicate that the HSV-IL-2 model and the MOG model complement each other and, together, provide unique insights into the heterogeneity of human MS.
INTRODUCTION
Multiple sclerosis (MS) affects approximately 400 000 individuals in the United States. The clinical symptomology ranges from relatively benign to devastating. In severe cases, MS can render a person unable to write, speak or walk with most MS patients experiencing muscle weakness in their extremities and difficulty with coordination and balance. 1 The course of the disease differs among affected individuals with some exhibiting relapsingremitting disease and some progressive disease. Like other presumed autoimmune diseases, MS is more common in females and clinical symptoms are often first manifested during young adulthood. 1, 2 The disease is characterized by the development of lesions in the central nervous system (CNS) that have an inflammatory component and frequently, but not always, by demyelination. The location of the lesions within the CNS differs among affected individuals and can occur in several different locations in any one individual. Epidemiologic studies of MS have implicated environmental as well as genetic factors in the disease process. Evidence has accumulated that infectious agents, particularly viral, may be involved; 3, 4 however, this remains controversial. [5] [6] [7] If an infectious agent is involved, it alone may not be sufficient to initiate the observed pathology.
The primary experimental animal model for the study of MS is experimental autoimmune encephalitis (EAE), in which the disease is incited by aggressive immunization with specific peptides in both mice and rats. [8] [9] [10] [11] This model has been used extensively and proven extremely useful. EAE includes a group of disease models that differ in terms of the species and strain of the animals used, the agent/peptides used to elicit the autoimmune response and the protocols used for immunization including the type of adjuvant employed. 8, 10, 12 The disease process is influenced by these variables and, therefore, care must be taken in extrapolating results from one EAE model to another. 10, 13 Other currently available models are based on viral infection. [14] [15] [16] [17] [18] [19] [20] We found that infection with HSV-1 did not cause demyelination in mice; however, when we combined HSV-1 infection with administration of IL-2, an MS-like pathology (CNS inflammatory demyelination) was observed in the infected mice. This inflammatory demyelination occurred when interleukin (IL)-2 was delivered using a viral vector (HSV-IL-2) [21] [22] [23] [24] [25] or when mice were injected with IL-2 and then infected with wild-type (WT) HSV-1. 26 Ocular infection of different strains of mice with HSV-IL-2 induces CNS demyelination in the periventricular white matter, brain stem, stem cell (SC) white matter and optic nerves (ONs) of infected mice, whereas WT HSV-1 or recombinant viruses expressing IL-4, interferon (IFN)-γ, IL-12p35, IL-12p40 or IL-12p70 do not induce this demyelinating neuropathy. 21, [23] [24] [25] Similar results are obtained upon delivery of IL-2 into the mouse brain using osmotic mini-pumps or injection of mice with recombinant IL-2 protein, IL-2 DNA or IL-2 synthetic peptides before infection with WT HSV-1 strains McKrae and KOS. 26 Notably, a single mutation at position T27A in the IL-2 open-reading frame (ORF) completely blocked CNS demyelination in this model. 26 Thus, the HSV-IL-2 model of CNS demyelination offers a novel alternative experimental animal model for MS that incorporates both a viral and an immune component.
The availability of two or more independent animal models could prove extremely useful in elucidating the pathogenic mechanisms underlying human disease and identifying effective therapeutic strategies. Effective use of the model depends, however, on a thorough understanding of the similarities and differences among the models, especially in terms of the parameters that are most likely to relate to the human disease. Therefore, in this study, we compared the HSV-IL-2 model of CNS demyelination with the MOG , MBP [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] and PLP 190-209 models of EAE using standardized protocols and female C57BL/6 mice of the same age. We also compared the effects of controlling CNS demyelination by delivery of IFN-β, IL-4 and IL-12p70 in the different models. The results of this simultaneous comparison of different models of CNS demyelination provides insight into their possible relevance to each other and, ultimately, to MS.
RESULTS

Demyelination in the CNS
Six-week-old female C57BL/6 mice were administered with the myelin oligodendrocyte glycoprotein (MOG), myelin basic protein (MBP) or proteolipid protein (PLP) peptide or infected with HSV-IL-2 recombinant virus as described in Materials and methods. There were five to eight mice per group and the treatment groups are referred to as MOG, MBP and PLP and HSV-IL-2 hereafter. At day 29 post infection, the mice were killed and the brains, SCs and ONs were collected, post-fixed and stained with the myelin stain, Luxol Fast Blue (LFB). Representative photomicrographs of the LFB-stained brain, SC and ON sections are shown in Figure 1 . Demyelination was observed in the brain and SC of mice in all the treatment groups. Demyelination was also observed in the ON of mice in the MOG or HSV-IL-2 treatment group; however, demyelination was not detected in the ON of mice in the MBP or PLP treatment group.
Visual inspection of the slides suggested that the severity of CNS demyelination was greater in the mice in the MOG and HSV-IL-2 treatment groups than in the MBP and PLP treatment groups. To quantify the extent of the demyelination, we counted the number and measured the size of the observed demyelination plaques in the brains, SCs and ONs. The data are shown as the area of demyelination per total stained sections in Figure 2 . The area of brain demyelination was significantly greater in the mice in the MOG and HSV-IL-2 treatment groups than in the mice in the Demyelination (Mean plaque area/mm2) Figure 2 . Severity of CNS demyelination in treated mice. The brains, SCs and ONs of the mice described in Figure 1 above were sectioned, stained with LFB and the size of the demyelination plaques in the entire sections of brain, SC and ON is determined as described in Materials and Methods. Data are presented as mean demyelination using a total of 150 sections for brain and SC and 30 sections for ON from five mice per group.
PLP or MBP group (Figure 2, brain) . Although the area of brain demyelination was somewhat higher in the HSV-IL-2 group than the MOG group, the differences did not reach statistical significance (Figure 2 , brain, P>0.05). The mice treated in the MBP group showed the lowest degree of brain demyelination out of the four experimental groups (Figure 2, brain) . In contrast to the observed differences in the level of demyelination in the brains of the mice in the different treatment groups, the levels of SC demyelination were similar in all the groups (Figure 2 , SC). The area of demyelination was greater in the ONs of mice in the MOG group than in the ONs of the mice that were ocularly infected with HSV-IL-2 ( Figure 2, ON) . No demyelination was detected in the ONs of any of the mice in the PLP or MBP group (Figure 2, ON) .
Relationship between demyelination and inflammation Inflammation at one or more sites in the CNS is associated with the initial event in MS. 13, 27, 28 Our results (Figures 1 and 2 ) suggested that there is greater demyelination in the brains and ONs of the mice in the MOG and HSV-IL-2 treatment groups than those in the PLP and MBP groups. To determine if the extent of demyelination correlated with the level of inflammation, we stained sections from the brains, SCs and ONs with hematoxylin and eosin (Supplementary Figure 1) and estimated the severity of inflammation as described in Materials and Methods. The data are shown as the inflammatory score per total stained sections in Figure 3 . The inflammatory scores for the sections of brain and SC from mice in the MOG and HSV-IL-2 treatment groups were similar to those of mice in the PLP and MBP groups ( Figure 3 ). In contrast, the inflammatory score for ONs of the mice in the MOG treatment group was significantly higher than the scores for mice in the PLP, MBP or HSV-IL-2 groups (Figure 3 ). The inflammatory responses in the ONs of the MOG treatment group correlated with the severity of demyelination (Figure 2, ON) . This was an exception, however, and overall, the inflammatory responses did not correlate with the severity of demyelination.
Cellular composition of leukocytes within the CNS Many cell types have been implicated in MS and animal models of MS. 24, [29] [30] [31] [32] [33] To Hindlimb weakness Some, but not all, patients with MS exhibit limb weakness or paralysis. Early pathological changes in the lumbar SC tissue have been described in a mouse MS model and occurred in the presence or absence of overt clinical symptoms. 34 The mice were monitored and scored daily for signs of paralysis for 29 days or until death (if earlier than day 29), using the scoring system described in Material and methods. The mean day of onset, mean and maximum clinical score, incidence of symptoms and mortality were calculated. Greater than 60% of mice in the MOG treatment group showed signs of muscular weakness (Table 1) . Among the mice in the MOG group, the first sign of paralysis (usually tail hypotonia or atonia) appeared on day 11 post MOG injection and different degrees of hindlimb paralysis were observed among these mice until day 29 post injection (the final experimental time point). In contrast, no signs of paralysis were observed in the mice in the MBP (Table 2) , PLP (Table 3) or HSV-IL-2 (Table 4) treatment groups within the time frame of this experiment.
Effect of IFN-β on CNS demyelination IFN-β is used for the treatment of relapsing-remitting type MS. We therefore explored the ability of IFN-β to block or reduce CNS demyelination in the different mouse models. The mice were injected 3X with IFN-β DNA or vector DNA, as described in Materials and methods, and demyelination in the brains, SCs and ONs was measured on day 29 post treatment. Representative photomicrographs of the LFB-stained sections are shown in Figure 5a and the data are summarized in Tables 1, 2 Inflammatory score Figure 3 . Severity of CNS inflammation in treated mice. The brains, SCs and ONs of the mice described in Figure 1 were sectioned, stained with hematoxylin and eosin and the severity of inflammation in the entire sections of brain, SC and ON is determined as described in Materials and methods. Data are presented as the mean inflammatory score using a total of 10 random sections of brain, SC or ON per group.
Injection with IFN-β DNA reduced demyelination in both the brains and SCs of mice in the MOG group by 50% and completely blocked the demyelination in the ONs ( Figure 5a and Table 1 ). Moreover, the intramuscular injections of IFN-β DNA delayed the onset of clinical disease, reduced the severity of clinical symptoms and eliminated mortality in this group of mice ( Table 1 ). The injection of IFN-β DNA also reduced the levels of demyelination in both the brains and SCs of mice in the MBP group ( Figure 5a , Table 2 ). The injection with IFN-β DNA resulted in a reduction in demyelination in the brains of mice in the PLP group and demyelination of the SCs was significantly lower than in the vector-treated controls ( Figure 5a and Table 3 ). Finally, in the HSV-IL-2 group injected with IFN-β, brain demyelination was reduced by more than 90% and SCs and ONs demyelination were blocked completely as compared with the group injected with vector DNA alone ( Figure 5a and Table 4 ). Overall, IFN-β was effective in reducing or blocking CNS demyelination in all groups but it was most effective in the HSV-IL-2 group followed by the PLP, MBP and MOG groups. In addition, IFN-β injection of all groups was less efficacious in reducing demyelination in brains of treated mice than in their SCs or ONs. This reduced efficacy is possibly associated with the brain being an immunological privileged site, whereas SC and ON are not. Thus, the blood-brain barrier may reduce the entrance of IFN-β antigen into the brain but not into SC and ON, and this may contribute to lower protection from demyelination in all groups.
Effects of infection with HSV-IL-12p70 recombinant virus on demyelination in the different models Previously, we reported that ocular infection of mice with a recombinant HSV-1-expressing IL-12p70 (HSV-IL-12p70) or injection of mice with IL-12p70 DNA completely blocks CNS demyelination in HSV-IL-2-infected mice. 25 It has been reported that IL-12p70 is a critical cytokine in the pathogenesis of EAE 35 and subsequently it was shown that the IL-12p40 component of IL-12p70 is involved in EAE-induced CNS pathology. 36, 37 Agents that block the common IL-12p70 and IL-23 p40 chain have now been entered into clinical trials. 38 Therefore, we evaluated the effects of HSV-IL-12p70 on CNS demyelination in the various models. Mice were injected with MOG, MBP or PLP as described in Table 3 ) models. Indeed, in marked contrast to the protective effect of HSV-IL-12p70 in blocking CNS demyelination in the HSV-IL-2 model, infection with the HSV-IL-12p70 virus exacerbated the level of demyelination and the severity of paralysis and increased mortality in the MOG model (Table 1) . However, infection with HSV-IL-12p70 virus did not increase severity of demyelination in the MBP (Table 2 ) and PLP (Table 3) Table 1 . The results indicated that demyelination or paralysis was not reduced in mice that were infected with HSV-IL-4 (Table 1) . These results were similar to our previous report showing that HSV-IL-4 did not block HSV-IL-2-induced CNS demyelination. 25 
DISCUSSION
The availability of animal models is very helpful, if not critical, for understanding the pathogenesis of MS and ultimately developing methods to control the disease. We recently have described a mixed model of MS that uses both a viral and an immune component to induce CNS demyelination. [21] [22] [23] [24] [25] In this model, constitutive expression of murine IL-2 by a recombinant HSV-1 (HSV-IL-2) causes CNS demyelination in different strains of mice. EAE is the primary experimental animal model for the study of MS with significant variation on the type of disease models. 8, 42 Thus, we initiated this study to answer the following questions: (1) what are the similarities/differences between HSV-IL-2 model and the EAE models? (2) What are the similarities/differences among the entire group of models? And (3) do these models represent different types of MS? The results obtained through this comprehensive, comparative study revealed differences in clinically relevant parameters between the models. Demyelination was observed in the brains and SCs of all four models. Demyelination of the ON in the HSV-IL-2 model, as reported previously, [21] [22] [23] [24] [25] was also detected in the MOG model. In contrast to the HSV-IL-2 and MOG models, demyelination was not observed in the ON of MBP or PLP models. Inflammatory demyelination of ON, also called optic neuritis, is a common cause of visual and neurologic dysfunction in young adults diagnosed with MS. [43] [44] [45] [46] [47] Early manifestations of MS often involve degradation of visual acuity and color vision or visual field deficits that result in impaired vision or even blindness. [43] [44] [45] [46] [47] The results of the Optic Neuritis Treatment Trial, a critical longitudinal prospective cohort study, established a close relationship between optic neuritis and MS. 48 About 50-70% of patients with monosymptomatic optic neuritis have clinically silent MS-like lesions on magnetic resonance image of the brain. 43 On longer follow-up, at least 50% of the monosymptomatic optic neuritis patients will be diagnosed as having MS, [43] [44] [45] [46] [47] and the 15-year risk of developing MS after one episode of optic neuritis is 50% based on clinical criteria alone. 48 Measurement of visualevoked cortical potentials is widely used to assess patients suspected of having MS because of the high sensitivity of this technique and its ability to detect even clinically silent lesions of the visual pathway. 49 We have reported previously that mice ocularly infected with HSV-IL-2 showed a significant delay in terms of visual-evoked cortical potential responses as compared with mice infected with control viruses. 23 The results of this comparative study suggest that the HSV-IL-2 model and MOG model of CNS demyelination may be the better models of this aspect of MS than the MBP or PLP model. Using knockout mice, depletion studies and transfer studies, we have established that both CD4 + and CD8 + T cells are involved in the HSV-IL-2-induced demyelination. 24 B cells, dendritic cells and NK cells do not have a role in the HSV-IL-2-induced demyelination. 24 Similarly, in the present study, we found elevation in the number of T cells but not B cells in the brain and SC of HSV-IL-2-infected mice. These findings are consistent with the published data concerning histologic analyses of specimens obtained from patients with MS at autopsy, which have shown a possible correlation between the presence of T cells and the development of demyelinating lesions. [50] [51] [52] The results are also consistent with the reports that demyelination induced by mouse hepatitis virus is associated with T cells. 53 In the EAE model of MS, T cells have been associated with CNS demyelination 50, 54 but macrophages also have been implicated in CNS pathology and MS, 55, 56 although they may have only an indirect role. In the current study, we observed a suppression of CD11b + cells in the SC of the HSV-IL-2 group. Previously, we have shown that HSV-IL-2 infection of macrophages alters the balance of IL-12p35 and IL12p40 transcripts 24 and we also have reported that depletion of macrophages induces CNS demyelination following ocular infection of depleted mice with WT HSV-1. 22 The suppressive effect of HSV-IL-2 on the balance of IL-12p35 and IL12p40 transcripts was reversed by IL-12p70. 22, 24, 25 Similarly, in this study, we showed that co-infection of mice with HSV-IL-2 and HSV-IL-12p70 completely blocked CNS demyelination in infected mice. In contrast to the results obtained using the HSV-IL-2 model, infection of mice in the MOG treatment group with HSV-IL-12p70 exacerbated the disease outcome. Macrophages are the main source of IL-12 production 57, 58 and blocking the CNS demyelination in HSV-IL-2-infected mice by IL-12p70 is probably due to compensation for the suppressive effect of IL-2 on IL-12p70 formation. IL-12p70 was considered to be a critical cytokine in the pathogenesis of EAE. 35 However, later studies showed that although the IL-12p40 component of IL-12p70 is involved in EAE-induced CNS pathology, this effect is mediated by the binding of the IL-12p40 to IL-23p19 rather than its binding to IL-12p35. 36, 37 In the current study, in contrast to the suppression of macrophages observed in the HSV-IL-2-treated mice, we did not find an alteration in the number of macrophages in the MOG model. Thus, the exacerbation of disease in the MOG model following infection with HSV-IL-12p70 may be due to the imbalance of IL-12p40 and IL-12p35 and this could contribute to the development of the autoreactive T cells. Previously, we found that the CNS demyelination observed in HSV-IL-2-infected mice was exacerbated on co-infection with HSV-IFN-γ recombinant virus, even though mice infected with HSV-IFN-γ recombinant virus alone do not develop CNS demyelination. 25 IL-4 is a pleiotropic lymphokine synthesized primarily by activated T H 2 lymphocytes. 59, 60 The levels of IL-4 have been reported to be lower than normal in the sera of patients with MS. 61, 62 Recombinant IL-4 has been shown to diminish demyelination and improves the clinical course of mice with EAE, apparently by influencing developing T cells to assume a protective role. 40 When fed to mice, retinoids, a group of chemicals that increase IL-4 and transforming growth factor-α, also improve the course of EAE. 63 In addition, it has been shown that CNS gene therapy with HSV-1 vectors expressing IL-4-protected rhesus monkeys 39 and mice 40, 41 from autoimmune encephalomyelitis. However, in this study, a recombinant HSV-1 expressing murine IL-4 (HSV-IL-4) did not block CNS demyelination in the MOG model. Similarly, we reported previously that CNS demyelination was not blocked in mice co-infected with HSV-IL-2 and HSV-IL-4. 25 The discrepancy between the results of this study and previous studies could be due to the type of antigen, strain of mice and dose of infection.
IFN-β is a first-line therapy for patients with relapsing-remitting MS because of its suppression of inflammation in the CNS. 64 In our current study, we found that injection of mice with IFN-β DNA significantly reduced or blocked CNS demyelination in all the disease models used in this study. In addition, it delayed the clinical sign of paralysis and the severity of paralysis in the MOG mice. In this study, we only detected paralysis in the MOG mice. We were not able to induce paralysis in the MBP or PLP mice even when a higher dose of peptides was used in the protocol. Similarly, the HSV-IL-2-treated mice showed no signs of paralysis as late as 29 days of follow-up even though they exhibited extensive CNS demyelination and inflammation. However, occasionally we have detected some paralysis in female BALB/c mice infected ocularly with HSV-IL-2 virus.
The results of our study are summarized in Tables 1, 2 , 3, 4 and 5 and indicate that: (1) The pattern of demyelination is the same in the MOG-and HSV-IL-2-treated mice, in which demyelination occurred in the brain, SC and ON. In contrast, MBP and PLP did not induce ON demyelination; (2) the development of the demyelinated lesions after IFN-β DNA intramuscular injection was reduced in the MOG-and MBP-treated mice, whereas it was significantly reduced in the PLP-and HSV-IL-2-treated mice; (3) in marked contrast to its protective effect in HSV-IL-2-treated mice, infection of mice with HSV-IL-12p70 exacerbated disease in the MOGtreated mice and had no effect on PLP-or MBP-treated mice; (4) IL-4 did not affect demyelination in the MOG-treated mice and (5) MOG-treated mice were the only group that developed paralysis. In summary, our results suggest that the HSV-IL-2 and MOG models share features that are characteristic of human MS and are complementary in that each has unique attributes that can provide insights into development of the disease. 
MATERIALS AND METHODS
Mice, viruses and cells
Six-week-old female C57BL/6 mice were purchased from the Jackson Laboratory (Bar Harbor, ME, USA). Plaque-purified HSV-IL-2, HSV-IL-4 and HSV-IL-12p70 were grown in rabbit skin cell monolayers in minimal essential medium containing 5% fetal calf serum as we described previously. [21] [22] [23] [24] [25] 65 We have previously described the construction and characterization of HSV-IL-2 and HSV-IL-4. 65, 66 Briefly, the complete IL-2 or IL-4 gene, including its polyA site, was inserted into pLAT1.6 just downstream of the LAT promoter. pLAT-IL-2 or pLAT-IL-4 was cotransfected with infectious dLAT2903 DNA by the calcium phosphate method, and a single plaque containing the IL-2 or gene was plaquepurified as described. 65, 66 HSV-IL-2 or HSV-IL-4, therefore, transcribes mouse IL-2 or IL-4 driven by the LAT promoter, respectively. We chose the LAT promoter as it is the only HSV-1 promoter that expresses high levels of transcripts both in response to primary infection and during periods of latency. 67, 68 Construction and characterization of HSV-IL-12p70 (also call M002), a γ 1 34.5-deleted HSV that expresses both murine IL-12p35 and IL-12p40 in-frame as a heterodimer under the transcriptional control of the murine early-growth response-1 promoter (Egr-1), have been described previously. 69 In contrast to HSV-IL-2, ocular infection of mice with HSV-IL-4 or HSV-IL-12p70 does not cause CNS demyelination. 24, 25 Ocular infection Ocular infection was carried out using the standard protocol, we have used routinely. 21, 22, 65 Mice were infected or co-infected ocularly with 2 × 10 5 PFU per eye of HSV-IL-2 or 2 × 10 7 PFU per eye of HSV-IL-4 or HSV-IL-12p70. Each virus was suspended in 2 μl of tissue culture media and administered as an eye drop.
Peptide synthesis
Mouse MBP (MBP [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] ; TGILDSIGRFFSG), mouse myelin PLP ; SKTSASIGSLCADARMYGVL) and mouse MOG (MOG ; MEVG-WYRSPFSRVVHLYRNGK) were synthesized by the Brain Research Center, University of British Columbia, as described previously. 70 The purity of each synthesized peptide was at least 95% as determined by fast protein liquid chromatography analyses.
Peptide administration
A standard protocol was used for EAE induction using synthetic peptides described above. 70, 71 Mice were injected subcutaneously with 200 μg of each peptide and 100 μl of Complete Freund's adjuvant in a total volume of 200 μl. Four hours before peptide injection, each mouse received 200 ng of purified Bordetella pertussis toxin (CalBiochem, San Diego, CA, USA) in 100 μl of sterilized water intraperitoneally and this was repeated 48 h post myelin peptide injection.
Clinical evaluation
All mice were examined daily for 29 days for neurologic clinical signs according to the following criteria: 0, normal/no overt sign of disease; 0.5, tail hypotonia; 1, tail atonia or hindlimb weakness; 2, limb tail and hindlimb weakness; 3, partial hindlimb paralysis; 4, complete hindlimb paralysis; and 5, moribund state; death.
Isolation of CNS cells and fluorescence-activated cell sorting analysis
The brains and SCs of mice that were treated with MBP, PLP, MOG and HSV-IL-2 or mock treated were harvested after perfusion on day 14 post treatment. The tissues from three mice per each treatment group were combined, cut into small pieces and then treated with 3 mg ml − 1 of collagenase type I (Sigma-Aldrich, St Louis, MO, USA) for 2.5 h at 37 o C, with gentle passage 3-4X through an 19-G syringe after the first hour. The single-cell suspensions of total CNS cells including mononuclear cells were isolated using Percoll gradients. Single-cell suspensions of brains and SCs from three mice per treatment group were stained with anti-CD45, anti-CD3, anti-CD19, anti-CD11b and anti-CD11c monoclonal antibodies (BD PharMingen, San Diego, CA, USA) and analyzed using a multicolor five laser FACScan instrumentation (Becton Dickinson, Franklin Lakes, NJ, USA).
Preparation of ON, SC and brain for pathologic analysis
The brains, SCs and ONs were removed at necropsy on day 29 post treatment. Tissues were snap-frozen in an isopentane-liquid nitrogen bath and stored at -80 ºC. Transverse sections of each tissue, 8-10 μm thick, were cut, air-dried overnight and fixed in acetone for 3 min at 25°C. [23] [24] [25] 72 Analysis of demyelination using LFB staining
The presence or absence of demyelination in the brains, SCs and ONs was evaluated using LFB staining of formalin-fixed sections, as we described previously. [21] [22] [23] [24] [25] The number of plaques, size of plaques and shape of plaques on multiple fields were evaluated by investigators who were blinded to the treatment groups using serial sections of CNS tissues. The amount of myelin loss in the stained sections of brains, SCs and ONs was measured using the NIH Image J software analysis system (http:// imageJ.nih.gov/ij/features.html). The areas of demyelination (clear-white) to normal tissue (blue) were quantified using 150 random sections from the brain and SCs or 30 sections from ONs of each animal. Demyelination in each section was confirmed by monitoring adjacent sections. The percentage of myelin loss was calculated by dividing the lesion size into the total area for each section.
Analysis of inflammation using hematoxylin and eosin staining
The inflammatory responses were quantified using 10 random sections of each brain, SC and ON of each animal. The hematoxylin and eosin staining protocol consisted of the following steps: slides were rewarmed to room temperature (for 5-10 min), deparaffinized and dehydrated in xylene 3X for 3 min, then 95% ethanol 3X for 1 min, followed by 100% ethanol 3X for 1 min. Slides were washed in tap water for 1 min and then distilled water for 1 min. Hematoxylin solution was applied for 2 min, Clarifier solution for 1 min and running tap water for 1 min, followed by Bluing Solution for 1 min and running tap water for 1 min. Slides were dipped in in Eosin 8X, washed and cleared with 95% ethanol for 1 min, 2 times, then 100% ethanol 3X for 1 min and xylene 3X for 1 min. Coverslips were mounted and microscopic analysis of inflammation was performed the following day by investigators who were blinded to the treatment groups, based on the following scale: 0, no infiltration; 1, perivascular infiltration; 2, perivascular inflammatory cuff and 3, inflammation of CNS substance.
DNA injection
The complete ORF for IFN-β (pORF-mIFNβ) was purchased from InvivoGen (San Diego, CA, USA). Plasmid DNA was purified using a cesium chloride gradient. In each experiment, mice were injected 3X intramuscularly (in the quadriceps) using a 27-G needle with 100 μg of cesium chloride-purified DNA in a total volume of 50 μl of phosphate-buffered saline. As a negative control, we used mock-treated mice that were similarly injected with vector DNA alone. The mice were injected on days 0, 7 and 14 relative to peptide injection or HSV-IL-2 infection.
